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Abstract 
Business process lifecycle is chiefly divided into two phases namely modeling and execution. Therefore, flexibility of business
process can be taken into account either at build-time or at runtime. The first kind is well supported mainly by declarative 
modeling paradigms. Nevertheless, many challenges are posed by the second kind of flexibility (such as at which level of 
abstraction can flexibility be expressed and by what criteria should it be performed) as well as by the business process adaptation 
when we consider the implementation phase of business process. In this context, our aim in this paper is to propose an approach
based on web services in order to support business process adaptation during its implementation. The proposal is to implement as
web services the manners in which activities are executed and that can be subject to change. Each manner refers to the actions 
implementing the current activity. It can then be adapted to execute the same business process in another organization.        
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of SciKA - Association for Promotion and Dissemination of Scientific Knowledge. 
Keywords: Business process instances; flexibility by adaptation;web service;imperative modeling paradigms 
1. Introduction  
Nowadays, companies face high rates of change from a large number of sources. Inside pressures come from 
human actors who push for change. Outside pressures come from changes in the competitive, technological and 
economic environments. These changes are considered as essentials for companies in order to remain competitive, 
better meet customer needs, enhance internal processes and modify the range of their products or services1. In fact, 
changes of different natures can strongly affect business processes. This plethora of changes may occur due to 
regulations, appearance of new competitors and technological evolution. Accordingly, organizations constantly have 
to adapt their processes. 
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Depending on change’s abstraction level, each form of change generally concerns either process specification or 
process instance. However, when we consider the implementation level, we find that the manners in which process 
activities are executed (in other words the actions implementing process activities) may be also subject to change. 
Thereby, business processes in various fields such as those of higher education and insurance, often undergo changes 
related to decisions and regulations. In the sense that such organizations share practically the same process schema, 
while the actions implementing their process activities differ from one organization to another.  
Thus, considering the rigidity of imperative modeling paradigms such as Business Process Model and Notation 
(BPMN), we highlight the need for approaches supporting the business process adaptation during the 
implementation phase. In fact, this phase needs significant coding effort aiming at implementing actions executing 
process activities. In order to promote reuse of these actions by other organizations having the same process schema, 
we propose to implement them as web services. 
In this paper, we propose an approach consisting of adapting actions implementing process activities by relying 
on web services.  
The remainder of the paper is organized as follows. Section 2 is devoted to present and discuss related work. 
Section 3 proposes an approach based on web services for supporting business process adaptation. Section 4 
illustrates the proposed approach with an example and section 5 is dedicated to concluding our paper.    
2. Related work 
The study of the literature shows that a significant number of researchers have focused on business process 
flexibility issue2-9. The main classification of these works is the one proposed by Andonoff et al.10. It puts forward 
six categories of approaches as follows: approach by evolution, approach by case, approach by conception, approach 
by constraints, approach by intention and context and approach by protocols integration. 
The approach by evolution includes all works that deal with process schemas evolution3, with process schemas 
versioning8 and with process instances migration11. The approach by case4, 6 represents a paradigm originally 
proposed by Van Der Aalst et al.4. It revolves around the idea of enabling a specific execution for each process 
instance by allowing actors to manage and control this execution using the data used and produced by the instance. 
This approach is distinguished from other approaches by focusing on what is feasible rather than what is prescribed.  
 As for the approach by conception5, each work included in this category adopts Siebert’s viewpoint, who 
considers that one of the ways in which adaptability can be supported is to avoid it by combining flexible execution 
mechanisms with powerful modeling techniques in order to reduce the need for adaptability12. In this sense, 
approach’s feasibility depends strongly on the effectiveness of modeling techniques. Approach by constraints6
differs principally from procedural approach in how process schema is defined. In fact, the first presents a process 
schema as a sequence of activities and a set of constraints monitoring the execution of these activities not simply as 
a sequence of activities as is the case with procedural approach. 
 The fifth kind of approaches corresponds to the intention and context-driven approach2, 7. In fact, based on 
specific modeling paradigms, it has the potential to take into account situational factors that can affect the process 
during its execution. This approach proposes to highlight adaptation needs using two complementary mechanisms 
that are variability and context awareness. Finally, regarding the approach by protocols integration9, the main idea of 
this adaptation form consists in integrating, in a smooth and coherent manner, process and interaction protocols10.
The latter associates human actors to process in order to better enhance process guidance. 
From the point of view of changes that may arise during business process lifecycle, a taxonomy of flexibility was 
proposed by Regev et al.13. This taxonomy considers principally three dimensions characterizing a given change. In 
fact, it distinguishes first the abstraction level of change which concerns the level at which change is applied in a 
business process. This dimension determinates whether the change affects the process specification (process 
schema) or the process instance. Second, the change object concerning all aspects of process that may be subject to 
change. Third, the change properties, for instance the degree of change, which may be partial in order to modify a 
part of the process or total in the aim of creating new process.  
Taking into account the first dimension of the current taxonomy which is the abstraction level of change, we find 
that all mentioned approaches focus on business process adaptation, where the subject to change is either process 
instance (runtime) or process schema (design time). To promote this flexibility, many approaches such as4, 14 rely on 
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the power of declarative modelling paradigms. In the sense that, thanks to these paradigms it is much easier to reach 
flexibility. However, when we consider imperative modelling paradigms (marked by their rigidity) and actions 
implementing process activities as subject to change, we note that it seems important to focus on this challenge.  
3. Approach based on web services for business process adaptation 
This section is devoted to describe our proposed approach as well as presenting its interests and challenges.  
3.1. Approach description  
The fact that many geographically distant organizations share the same process schema and differ only in the 
actions implemented in order to automate their processes, leads us to introduce web service as a fundamental 
concept on which our approach is based upon. In this regard, web services can propose simple functions 
(request/response) that are accessible over the internet (which promotes their reuse). In fact, the novelty of our work 
consists in focusing on business process adaptation neither at design phase (when changes affect process schemas) 
nor at execution phase (when changes affect process instances) as is the case with all related work, but at 
implementation phase (when changes affect actions implementing process activities). Hence, the proposal is to 
implement as web services all actions implementing process activities, which are subject to change from one 
organization to another. Then, we have just to adapt actions automating process activities in a such organization in 
order to implement those automating the same process activities in another one. In this sense, adapting business 
process refers to adapting actions implementing its activities.    
In this paper, we consider business processes that are modelled with BPMN (we are interested mainly in private 
business processes; those internal to a specific organization). Therefore, the proposed approach is applied in case the 
used modeling paradigm is imperative. In the sense that the activities to be executed are known in advance. Further, 
we suppose that each time a change is required, related to a given process activity, a new web service has to be 
implemented (it has the activity name as request parameter and the actions implementing this activity as response 
parameter as shown in Fig. 1). This implementation has to be decided during the implementation phase (after the 
design phase). 
Fig. 1. Implementing a web service for each activity whose actions are subject to change. 
When implementing the same process activities in another organization, we need just to import for each activity 
the web service that returns the actions implementing it. These actions are then adapted in order to implement the 
process at hand. Our proposed approach is shown in Fig. 2. 
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Fig. 2. The proposed approach for business process adaptation. 
3.2. Approach’s interests and challenges  
The presented approach: 
x Aims to help imperative modeling paradigm cope with its rigidity (inflexibility) by promoting business process 
adaptation. 
x Promotes the reuse of actions implementing process activities (which are subject to change) through recourse to 
web services. Thus, it avoids implementing actions automating activities from scratch.  
x Takes into account the evolving nature of the business process since it is iterative.  
However, dealing with business process adaptation involves many challenges such as the difficulty of 
considering all upcoming adaptations of a business process. For instance, adapting the structure (e.g., control flow) 
of a process instance during execution. Further, in the present work we have considered as BPMN processes only 
the private business processes. Therefore, we have to prove the applicability of our approach to interface 
(public/abstract) processes (which represent the interactions between a private business process and another 
participant) as well as to collaboration processes (which depict the interactions between two or more business 
entities).  
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4. Example  
In order to evaluate our proposed approach, we have modelled a business process in the field of higher education. 
In fact, the Tunisian Higher Education Institutions share the same process schema (process specification). However, 
actions implementing their process activities differ from one institution to another. This process consists of selecting 
candidates to join postgraduate study at master level. It is shown in Fig. 3. 
Fig. 3. Business process model of selecting candidates. 
In the next step, the actions to be implemented and that are subject to change from one institution to another are 
those automating the activities ‘calculate scores’ and ‘notify candidates’. Since for each institution, there is a 
particular formula used for calculating candidates’ scores. Further, there is a particular way to notify candidates (by 
e-mail, Short Message Service (SMS)). Therefore, we implement two web services related to the activities 
‘Calculate scores’ and ‘Notify candidates’ as shown in Fig.4. 
Fig. 4. Web service implemented for the activity ‘Notify Candidates’. 
These web services are then published in order to promote their reuse for the same process schema but in another 
Higher Education Institution. In fact, for each other institution, we import the published web services. This enables 
accessing to actions automating the previous process schema in order to adapt them to the new needs.      
5. Conclusion 
In this paper, we presented an approach for supporting business process adaptation, when the subject to change is 
the actions implementing its activities. Therefore, we dealt with the adaptation of business process at 
implementation level. The presented approach is based on web services in order to promote the reuse of these 
actions for implementing the same process activities in another organization. It avoids then implementing actions 
from scratch. 
Thus, the originality of our approach can be summarized into two points; focusing on the actions implementing 
process activities as the subject to change and implementing them as web services in order to promote their reuse.  
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Our approach was evaluated through a simple business process. This leaves many opportunities for future work 
to prove the effectiveness of our approach also in the case of complex business models as in the field of insurance, 
as well as to consider other imperative modeling paradigms such as Unified Modeling Language (UML). Moreover, 
the focus will be given to process execution aspects such as handling exceptions.    
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